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USING CURVES TO EMULATE SOFT BODY
DEFORMATION

BACKGROUND

1. Field

The present disclosure relates to computer-generated ani-
mation and, more specifically, to using curves to emulate

soit body deformation 1n computer-generated animation.
2. Related Art

In the field of computer ammation, a computer-generated
character 1s typically modeled using a skeleton structure that
1s covered with a soft body layer. An artist can achieve the
visual eflect ol amimation through movements of the bones
and joints 1n the skeleton structure. The soit body layer
moves, or deforms, 1n response to movements of the skel-
cton structure, through deformation of the skin, muscles, and
soit tissue represented by the layer. Because the soft body
layer of a computer-generated character 1s outwardly visible
to viewers of the computer animation, 1t 1s important that the
soit body deformation impart a visually plausible appear-
ance of the computer-generated character.

However, in some cases, to achieve the visually plausible
appearance, significant manual mput by an artist 1s required
to define the soft body deformation, which can be a time-
consuming task. In other cases, the soit body deformation
technique can be limited 1n 1ts ability to achieve such an
appearance. In still other cases, the soft body deformation
technique can be computationally expensive to achieve this
appearance.

Accordingly, there 1s a need for a soit body deformation
technique that performs the deformation 1n a time- and
computationally-eflicient manner.

SUMMARY

This relates to using curves to emulate soft body defor-
mation 1 a computer-generated character. A method can
include accessing a reference model mapped to one or more
deformation curves for the computer-generated character.
The reference model can include a mesh of vertices repre-
senting a soft body layer of the character. The deformation
curve can include multiple sample points selected for map-
ping. Fach mesh vertex on the model can be mapped to each
sample point on the curve to establish a relationship between
them for deformation. The method can also include receiv-
ing a movement of one or more sample points on the curve
to a desired deformation position. The method can further
include calculating primary and secondary movements of
the mesh vertices on the model based on the movements of
the sample points. The method can move the mesh vertices
as calculated to a desired deformation position and output
the reference model with the moved vertices for rendering to
emulate the soft body deformation of the character.

Several advantages can be realized with using curves to
emulate soft body animation in a computer-generated char-
acter. The curves can provide significant deformation con-
trol with only a small number of sample points. The curves
can target a small area of the character’s soit body so as to
provide fine graimned deformation. The curves can provide a
simpler deformation approach that substantially minimizes
the mputs from the artist and the time the artist needs to
perform the deformation.

BRIEF DESCRIPTION OF THE FIGURES

The present application can be best understood by refer-
ence to the following description taken in conjunction with
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2

the accompanying drawing figures, in which like parts may
be referred to by like numerals.

FIGS. 1A through 1D illustrate exemplary computer-
generated characters from an animation that result from
using curves to emulate soit body deformation.

FIG. 2 1illustrates an exemplary method for using curves
to emulate soit body deformation in a computer-generated
character.

FIGS. 3A and 3B illustrate an exemplary method for
creating a soit body model of a computer-generated char-
acter on which to use curves to emulate soft body deforma-
tion.

FIGS. 4A and 4B 1illustrate an exemplary method for using,
curves to emulate a primary soft body deformation 1 a
computer-generated character.

FIGS. 5A and 3B 1llustrate an exemplary method for using
curves to emulate a secondary soft body deformation 1n a
computer-generated character.

FIG. 6 1llustrates an exemplary method for using curves
to fine tune emulating a soit body deformation in a com-
puter-generated character.

FIGS. 7A through 7C 1llustrate exemplary states of curves
used to emulate soft body deformation in a computer-
generated character.

FIG. 8 illustrates an exemplary animation system that
uses curves to emulate soft body deformation 1n a computer-
generated character.

DETAILED DESCRIPTION

The following description 1s presented to enable a person
of ordinary skill in the art to make and use the various
embodiments. Descriptions of specific devices, techniques,
and applications are provided only as examples. Various
modifications to the examples described herein will be
readily apparent to those of ordinary skill 1n the art, and the
general principles defined herein may be applied to other
examples and applications without departing from the spirit
and scope of the present technology. Thus, the disclosed
technology 1s not intended to be limited to the examples
described herein and shown, but 1s to be accorded the scope
consistent with the claims.

This relates to using curves to emulate soit body defor-
mation 1 a computer-generated character. A method can
include accessing a reference model mapped to one or more
deformation curves for the character. The reference model
can include a mesh of vertices representing a soit body layer
of the character. The deformation curve can include multiple
sample points selected for mapping. Each mesh vertex on
the model can be mapped to each sample point on the curve
to establish a relationship between the two for deformation.
The method can also include receiving a movement of one
or more sample points on the curve to a desired deformation
position. The method can further include calculating pri-
mary and secondary movements of the mesh vertices on the
model based on the movements of the sample points. The
method can move the mesh vertices as calculated to a
desired deformation position and output the reference model
with the moved vertices for rendering to emulate the soft
body deformation of the character.

Several advantages can be realized with using curves to
emulate soft body animation in a computer-generated char-
acter. First, the curves can provide significant deformation
control with only a small number of sample points. Second,
the curves can target a small area of the character’s soit body
so as to provide fine grained deformation. Third, the curves
can provide a simpler deformation approach that substan-
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tially minimizes the imputs from the artist and the time the
artist needs to perform the deformation.

Although the description describes soft body deformation,
it should be understood that the deformation can be applied
to any object capable of being deformed, e.g., a sponge, an
emulsion, paper, or the like.

FIGS. 1A through 1D illustrate exemplary computer-
generated characters from an animation rendered with the
method for using curves to emulate soft body deformation as
described 1n detail below. FIG. 1A 1llustrates a computer-
generated character 1n a reference pose. In FIG. 1A, a
deformation curve 114 with six points 116 1s projected onto
the character to show where the curve 1s located in the
character’s soit body reference model. FIG. 1B illustrates
the character’s soft body reference model mapped with the
deformation curve of FIG. 1A. In FIG. 1B, a mesh reference
model 1s shaped to the character’s exterior to represent its
soit body layer and the deformation curve with six sample
points 1s projected onto the model. The mesh vertices 118 of
the reference model are mapped to the six sample points 116
on the deformation curve 114 so that the movement, or
deformation, of the mesh vertices can be controlled by the
sample points. FIG. 1C 1llustrates the character of FIG. 1A
after 1ts abdomen has been deformed, using the soft body
deformation method described herein. A comparison
between the deformation curve 114 in FIGS. 1A and 1C
show that curve point 116 (fourth point from the top) in FIG.
1C has been moved, or deformed, outward from the char-
acter’s body, causing some of the other curve points (second,
third, and fifth from the top) to similarly move, or deform,
outward. The movement, or deformation, of the curve points
has caused movement of portions of the abdomen corre-
sponding to mapped mesh vertices 1n the reference model.
FIG. 1D illustrates the deformed reference model of FIG.
1B. A comparison between mesh vertices 118 1n FIGS. 1B
and 1D shows that the mesh vertices corresponding to the
abdomen have been moved, or deformed, outward, as con-
trolled by the curve points (second, third, fourth, and fifth
from the top). The mesh vertices” movements are 1n both the
direction of the curve points’ movement and the direction
normal to the curve points’ movement.

FIG. 2 illustrates an exemplary method for using curves
to emulate soit body deformation 1in a computer-generated
character. In FIG. 2, one or more deformation curves can be
mapped to a reference model of a computer-generated
character, as shown 1n FIG. 1B (205). In some examples, the
reference model can be a mesh shaped to the character’s
exterior to represent the character’s soit body layer. In some
examples, the curves can be B-spline curves mapped lon-
gitudinally onto the reference model. One or more of the
curves can be deformed to cause the portions of the mesh
mapped thereto to deform also, thereby creating a visually
plausible appearance 1n the soft body layer, as shown 1n FIG.
1D (210). The deformed reference model can be outputted
for rendering the character, as shown 1n FIG. 1C (215). The
method will be described 1n detail below.

FIGS. 3A and 3B illustrate an exemplary method for
mapping a reference model to one or more deformation
curves, as described i FIG. 2. In FIG. 3A, a soft body
reference model and one or more deformation curves can be
provided (305). As stated above, the reference model can be
a mesh shaped to represent a character’s soft body layer. The
deformation curves can be provided in a reference, or
un-deformed, state. A deformation curve can be projected
onto the surface geometry of the reference model to conform
to the surface (310). As stated above, the deformation curve
can be positioned longitudinally on the model surface. A
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4

number of sample points on the deformation curve can be set
for mapping (315). In some examples, the number of sample
points can be 350. The points can be spaced apart either the
same or different distances along the curve. A vector normal
to each sample point on the curve can also be calculated
(320).

For each mesh vertex on the reference model, a weighted
average parametric location on the curve can be calculated
and associated with that mesh vertex (325). The association
between the weighted average parametric location and the
mesh vertex can eflectively bind the mesh vertex to the
curve such that, when the curve deforms, the mesh vertex
deforms as well based on that parametric location. An
exemplary method for calculating the weighted average
parametric location 1s described below 1n FIG. 3B. For each
mesh vertex, a geodesic distance and a geodesic curvature
between the weighted average parametric location and that
mesh vertex can be calculated (330). A geodesic curvature
can be defined as a curvature between a sample point on the
deformation curve and a mesh vertex on the reference
model. For each mesh vertex, a Gaussian function can be
applied to the calculated geodesic distance and geodesic
curvature to determine a primary deformation weight for
that mesh vertex relative to the curve (335). For each mesh
vertex, a double Gaussian function can be applied to the
calculated geodesic distance to determine a secondary defor-
mation weight for that mesh vertex relative to the curve
(340). A double Gaussian function can be defined as a
Gaussian function multiplied by a quadratic function to
provide a donut-shaped output. The primary and secondary
weilghts can be used to calculate how much the mesh vertex
deforms when the curve deforms, as described 1n detail
below. For each mesh vertex, the weighted average para-
metric location and the primary and secondary weights can
be stored for later use when performing a soit body defor-
mation on the character (345).

As described above, the steps (325) through (343) can be
repeated for each mesh vertex in the reference model to
determine the weights of that mesh vertex relative to the
deformation curve. Alternatively, the weighting can be lim-
ited to the mesh vertices that are within a proximate distance
of the deformation curve.

The steps (310) through (345) can be repeated for each
deformation curve to be mapped onto the reference model so
that the curve can deform, thereby causing the reference
model to deform also. In some examples, a single deforma-
tion curve can be used to deform the reference model.

FIG. 3B illustrates the calculation of the weighted average
parametric location on a deformation curve relative to a
mesh vertex (325), as described in FIG. 3A. It should be
understood that the method of FIG. 3B can be repeated for
each mesh vertex 1n the reference model. In FIG. 3B, at each
sample pomnt on the deformation curve, three geodesic
distances can be determined: (a) a geodesic distance
between the mesh vertex and that sample point; (b) a
geodesic distance between the mesh vertex and another
sample point adjacent to that sample point; and (c) a
geodesic distance between that sample point and the adja-
cent sample point (360). At each sample point, the three
geodesic distances can be used 1n trilateration to calculate a
parametric location of that sample point and 1ts closest
distance to the mesh vertex (365). At each sample point, an
inverse distance function can be applied to the calculated
parametric location to weight that parametric location (370).
After a weighted parametric location has been calculated for
all the sample points on the curve, the weighted average
parametric location can be calculated based on these
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weilghted parametric locations (375). The method can then
proceed to step (330) 1n FIG. 3A.

In an alternate example, rather than calculate geodesic
distances, Fuclidean distances can be calculated (325),
(360). In another alternate example, rather than using a
(Gaussian function, a specific profile curve can be used to
determine mesh vertex weights (335). In another alternate
example, rather than using vector-based calculations to
determine mesh vertex weights, athne transformations can

be used to define translation, scaling, and rotation of mesh
vertices when deformed (335), (340).

In some examples, the mapping can be a static process,
where the reference model 1s mapped to one or more
deformation curves pre-operation and then used repeatedly
when performing soit body deformation on the character. In
some examples, the mapping can be a dynamic process,
where the reference model 1s mapped to one or more
deformation curves as a {irst step 1n the soft body deforma-
tion.

Soit body deformation can include two types—primary
deformation and secondary deformation. Primary deforma-
tion can involve the soit body movements that move, or
deform, the soft body from its reference, or un-deformed,
state to a deformed state. For example, movement from a flat
abdomen (the reference state) to a concave abdomen (the
deformed state) can contract the abdomen mward toward the
body (primary deformation). Secondary deformation can
involve the subsequent soft body movements that move, or
deform, the soft body in other directions as a result of the
primary deformation. Secondary deformation can emulate
soit body volume preservation, where the soft body volume
displaced by the primary deformation must be accommo-
dated somewhere else on the soit body, so as to provide a
visually plausible appearance. For example, the character’s
concave abdomen (primary deformation) may displace the
character’s soit body volume, thereby causing the charac-
ter’s sides, at the location of the deformed abdomen, to
expand outward from the body (secondary deformation) to
accommodate that volume.

FIGS. 4A and 4B 1llustrate an exemplary method for using
one or more deformation curves to emulate primary soit
body deformation. In FIG. 4A, a reference model mapped
with one or more deformation curves, as described 1n FIGS.
3A and 3B, can be accessed (405). Various parameters can
be set to control the scope of the soft body deformation, 1.¢.,
how the deformation of the reference model will look (410).
One exemplary parameter, a fallofl distance, can be set to
define a maximum geodesic distance from a sample point on
a deformation curve. When the sample point 1s moved, or
detformed, the fallofl distance can constrain the mesh verti-
ces that move, or deform, to only those within that distance.
A smaller falloff’ distance can indicate a more localized
deformation; whereas a larger falloil distance can indicate a
broader deformation. A typical fallofl distance 1s 10 unats.

Another exemplary parameter, a fallofl curvature, can be
set to define a maximum geodesic curvature about a sample
point on a deformation curve. When the sample point 1s
moved, or deformed, the falloft curvature can constrain the
mesh vertices that move, or deform, to only those within that
curvature. A smaller fallofl curvature can indicate a more
1solated deformation, e.g., 1n a particular body area; whereas
a larger fallofl curvature can indicate a more far reaching
deformation, e.g., 1 a first body area as well as an adjacent
area that curves away from or around the first area. A typical
tallofl curvature 1s 135 degrees. This 135-degree curvature
can 1solate a character’s front from its back and vice versa,
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such that a deformation of the character’s abdomen does not
cause a deformation of the character’s lower back, for
example.

The falloff distance and/or the fallofl curvature can help
define the Gaussian function used in weighing the reference
model. As a result, when the falloff distance and/or the
fallofl curvature are set, the weights for each mesh vertex
can be adjusted accordingly. Each mesh vertex can move
with a curve, defined by the Gaussian function and deter-
mined by the weights, to provide a smooth deformation
shape, or falloil, along the length of the deformation curve
and the other directions away from the curve.

Next, a selection of one of the sample points on a
deformation curve to control deformation can be received
(415). In some examples, the selection can be received from
a user. In some examples, the selection can be received from
another algorithm. The sample point can coincide with a soft
body location on the reference model to be deformed. A
movement, or deformation, of the sample point from its
original, or reference, position in the curve can be received
(420). In some examples, the movement, or deformation,
can be received based on a user’s mput. In some examples,
the movement, or deformation, can be received based on
another algorithm’s mput. In some examples, the sample
point can be moved outward away from the reference model
to emulate a bulge. The point can be moved 1n any direction
and at any angle away from the model. In some examples,
the sample point can be moved inward toward the reference
model to emulate an indentation. The point can be moved 1n
any direction or at any angle into the model. In some
examples, the sample point can move along the plane of the
reference model to emulate a shift. The point can be moved
in any direction or at any angle within the plane of the
model. Because the sample point 1s part of the deformation
curve, 1ts movement can cause the other sample points on
the curve to move, or deform, along the same vector
direction, to provide a smooth fallofl along the curve.

Based on the movement, or deformation, of the sample
points, the movement, or deformation, of the mesh vertices
on the reference model can be calculated (425). An exem-
plary method for calculating the movement, or deformation,
1s described below 1n FIG. 4B. The mesh vertices on the
reference model can then be moved, or deformed, by the
calculated amount along the vector direction that the defor-
mation curve moved (430).

FIG. 4B 1illustrates the calculation of the mesh vertices’
movement, or deformation (425), as described 1 FIG. 4A.
It should be understood that the method of FIG. 4B can be
repeated for each mesh vertex in the reference model. In
FI1G. 4B, an offset can be calculated between the deforma-
tion curve pre-movement and the curve post-movement at
the stored weighted average parametric location (460). In
some examples, the offset can be a Euclidean oflset. In some
examples, the oflset can be a full afline ofiset. The mesh
vertex’s movement can be the calculated offset attenuated by
the stored primary deformation weight (465). The method
can then proceed to step (430) in FIG. 4A.

In addition to a primary deformation, a secondary defor-
mation can occur as a result of the primary deformation.
FIGS. 5A and 5B illustrate an exemplary method for using
one or more deformation curves to emulate a secondary soft
body deformation. In FIG. 5A, various parameters can be set
to control the scope of the secondary soit body deformation
of the reference model (505). As with the primary deforma-
tion, a falloft distance and a falloftf curvature can be set for
the secondary deformation. A determination can be made
whether the primary deformation was 1n a direction either
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outward from or inward to the reference model (510). If the
primary deformation was 1n an outward or inward direction
(510), a secondary deformation can be done to emulate
volume preservation for a visually plausible appearance.

As described above, a normal vector for each sample
point on the deformation curve can be calculated during the
reference model mapping. In FIG. 5A, a vector perpendicu-
lar to the normal vector of the sample point on the curve
selected for primary deformation can be calculated (515).
The perpendicular vector can be in a plane formed by the
normal vector and a vector between the mesh vertex position
and the sample point’s pre-move, or pre-deform, position.
Based on the movement, or deformation, of the sample
points on the deformation curve, the movement, or defor-
mation, of the mesh vertices along the perpendicular vector
in the direction of the mesh vertices can be calculated (520).
An exemplary method to calculate the movement, or defor-
mation, 1s described below 1n FIG. SB. The mesh vertices on
the reference model can then be moved, or deformed, by the
calculated amount along the perpendicular vector (525).

If the primary deformation was in-plane with the refer-
ence model (510), then secondary deformation can be omit-
ted.

FIG. 3B 1illustrates the calculation of the mesh vertices’
movement, or deformation (520), as described 1n FIG. SA.
It should be understood that the method of FIG. 5B can be
repeated for each mesh vertex in the reference model. In
FIG. 4B, the stored secondary deformation weight can be
attenuated based on the alignment between the normal
vector and the primary deformation vector and the alignment
between the normal vector and the vector between the mesh
vertex position and the sample point’s pre-move, or pre-
deform, position (560). The closer the alignment between
the normal vector and the primary deformation vector, the
lesser the attenuation of the weight. Sumilarly, the closer the
alignment between the normal vector and the vector between
the mesh vector position and the sample point’s pre-move,
or deform, position, the lesser the attenuation of the weight.
The mesh vertex’s movement can be the calculated offset
(see step (460) in FIG. 4B) attenuated with the attenuated
secondary deformation weight (565). The method can then
proceed to step (525) in FIG. SA.

Kinematic deformations of a character’s skeleton struc-
ture can cause the soft body layer to deform as well. In some
cases, the resulting soft body deformation needs to be further
deformed to provide a visually plausible appearance. FIG. 6
illustrates an exemplary method for using curves to fine tune
a previous deformation. In FIG. 6, kinematic deformation
can be performed on a computer-generated character (605).
This can cause the reference model and the one or more
deformation curves mapped thereto, as described 1n FIGS.
3A and 3B, to deform consistent with the kinematic defor-
mation (610). The deformed model can be accessed (615). A
selection of one of the sample points on a deformation curve
to control further deformation can be received (620). A
movement, or deformation, of the sample point from its
kinematic deformation position in the curve can be received
(625). The other sample points on the curve can be moved,
or deformed, relative to the sample point’s movement.
Based on the movement, or deformation, of the sample
points, the movement, or deformation, of the mesh vertices
on the deformed reference model can be calculated (630).
The movement, or deformation, can be calculated as
described 1n FIGS. 4A, 4B, SA, and 5B. The mesh vertices
on the deformed reference model can then be further moved,
or deformed, by the calculated amount along the vector that
the deformation curve moved (633).
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As an alternative to the direct movement of the deforma-
tion curve (620), other deformation techniques can be used,
including but not limited to relaxation, sliding along the
curve, and the like.

FIGS. 7A through 7C illustrate exemplary states of a
deformation curve 1n FIG. 6. FIG. 7A 1llustrates a reference,
or un-deformed, state of a deformation curve, having sample
points 1 through 4. FIG. 7B illustrates the deformation curve
of FIG. 7A after a kinematic deformation in which the
character bowed forward and the soft body reference model
contracted. The deformation curve at points 1, 2, and 3
deformed consistent with the kinematic deformation. FIG.
7C 1llustrates the deformation curve of FIG. 7B after a
turther soft body deformation to deform the reference model
outward from the body. The deformation curve at point 4
was moved and the deformation curve at point 3 deformed
1N response.

It should be understood that soft body deformation 1s not
limited to the methods of FIGS. 2 through 6, but can include
other and/or additional steps capable of performing the
deformation.

FIG. 8 illustrates an exemplary animation system 800 that
can be used to emulate soft body deformation 1n a computer-
generated character using curves, as described above. The
soit body deformation can be implemented, for example, 1n
either hardware or 1n software stored on a non-transitory
computer-readable storage medium. The system can be
configured to map curves to a reference soit body model and
use the curves to emulate deformation on the soit body
model. The system can be further configured to recerve input
from a user and to display graphics, an image, or scene of an
amimation based on the soit body deformation.

The ammation system 800 can be configured to receive
user mput from an input device 820. The mput device 820
can be any device that receirves input from the user and
transmits 1t to the animation system 800. For example, the
input device can be a keyboard, a mouse, a tablet, a stylus,
or the like. Those skilled 1n the art will recognize that other
types of mput devices can also be used.

The animation system 800 can be configured to output
graphics, 1mages, or scenes of an animation to a display
device 830. The display device 830 can be any device that
receives data from the animation system and presents it to
the user. For example, the display device can be a liquid
crystal display, a set of light emitting diodes, a projector, or
the like. Those skilled 1n the art will recognize that other
types of output devices can also be used.

The amimation system 800 can comprise a central pro-
cessing unit 802. The central processing unit can comprise
one or more processing cores. The central processing unit
802 can be coupled to and able to communicate with the
input device 820. Although the animation system 800 1is
illustrated with one central processing unit 802, the anima-
tion system 800 can have multiple processing umits. The
ammation system 800 can also comprise a graphics process-
ing unit 804. The graphics processing unit 804 can be
dedicated to processing graphics related data. The graphics
processing unit 804 can comprise a single processing core or
multiple processing cores. Although the animation system
800 1s 1llustrated with one graphics processing unit 804, the
ammation system 800 can have a plurality of graphics
processing units. The central processing umt 802 and/or the
graphics processing unit 804 can be coupled to and able to
communicate data to the output device 830.

In one example, the animation system 800 can comprise
one or more processors and instructions stored 1 a non-
transitory computer readable storage medium, such as a
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memory or storage device, that when executed by the one or
more processors, use curves to emulate soft body deforma-
tion, as described above. In the context of the embodiments
described herein, a “non-transitory computer readable stor-
age medium” can be any medium that can contain or store
the program for use by or 1n connection with the instruction
execution system, apparatus, or device. The non-transitory
computer readable storage medium can include, but 1s not
limited to, an electronic, magnetic, optical, electromagnetic,
inirared, or semiconductor system, apparatus or device, a
portable computer diskette (magnetic), a random access
memory (RAM) (magnetic), a read-only memory (ROM)
(magnetic), an erasable programmable read-only memory
(EPROM) (magnetic), a portable optical disc such a CD,
CD-R, CD-RW, DVD, DVD-R, or DVD-RW, or flash
memory such as compact tlash cards, secured digital cards,
USB memory devices, memory sticks, and the like.

The animation system 800 can comprise volatile memory
806, which 1s a non-transitory computer readable storage
medium, 1n communication with the central processing unit
802. The volatile memory 806 can be, for example, random
access memory, such as dynamic random access memory or
static random access memory, or any other type of volatile
memory. The volatile memory 806 can be used to store data
or instructions during the operation of the animation system
800. Those skilled 1n the art will recognize that other types
ol volatile memory can also be used.

The animation system 800 can also comprise non-volatile
memory 808, which 1s a non-transitory computer readable
storage medium, 1n communication with the central process-
ing unit 802. The non-volatile memory 808 can include flash
memory, hard disks, magnetic storage devices, read-only
memory, or the like. The non-volatile memory 808 can be
used to store amimation data, render setup graph data,
computer instructions, or any other information. Those
skilled 1n the art will recognize that other types of non-
volatile memory can also be used.

The animation system 800 is not limited to the devices,
configurations, and functionalities described above. For
example, although a single volatile memory 806, non-
volatile memory 808, central processing unit 802, graphics
processing unit 804, input device 820, and output device 830
are 1llustrated, a plurality of any of these devices can be
implemented internal or external to the animation system
800. In addition, the animation system 800 can comprise a
network access device for accessing mformation on a net-
work, such as an internal network or the Internet. Those
skilled 1n the art will recognize other configurations of the
amimation system 800 can be used.

Various exemplary embodiments are described herein.
Reterence 1s made to these examples 1n a non-limiting sense.
They are provided to illustrate more broadly applicable
aspects of the disclosed technology. Various changes can be
made and equivalents can be substituted without departing
from the true spirit and scope of the various embodiments.
In addition, many modifications can be made to adapt a
particular situation, material, composition of matter, pro-
cess, process act(s) or step(s) to the objective(s), spirit or
scope ol the various embodiments. Further, as will be
appreciated by those with skill i the art, each of the
individual variations described and illustrated herein has
discrete components and features which can be readily
separated from or combined with the features of any of the
other several embodiments without departing from the scope
or spirit of the various embodiments.
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What 1s claimed 1s:
1. A method for using curves to emulate soit body
deformation 1n computer animation, the method comprising:
accessing a reference model mapped to a deformation
curve for a computer-generated character, the reference
model including a mesh of vertices representing a soft
body layer of the character and the deformation curve
including a plurality of sample points, wherein each
vertex of the model 1s mapped to each point of the
curve;
recerving a movement of at least one point on the curve;
calculating a normal vector to the at least one point on the
curve;
calculating an oflset between positions of the at least one
point on the curve prior to and after the movement of
the at least one point;
calculating primary movements of the vertices of the
model based on the calculated offset of the at least one
point on the curve,
wherein the primary movements are along a vector
direction of the movement of the at least one point on
the curve, and
wherein the primary movements represent deformation
of the reference model from a reference state to a
deformed state:

calculating secondary movements of the vertices of the
model based on the calculated offset of the at least one
point on the curve,
wherein the secondary movement of a vertex 1s along
a vector direction perpendicular to the normal vector
and 1n a plane formed by the normal vector, the
vertex’s position, and the position of the at least one
point on the curve prior to movement, and
wherein the secondary movements represent subse-
quent deformation emulating soft body volume pres-
ervation as a result of the primary movements;
moving the vertices of the model according to the calcu-
lated primary and secondary movements; and
outputting the model with the moved vertices for render-
ing to emulate the soft body deformation of the char-
acter.
2. The method of claim 1, wherein calculating primary
movements of the vertices comprises:
weighing the calculated offset to determine the primary
movements of the vertices.
3. The method of claim 1, wherein calculating secondary
movements of the vertices comprises:
weilghing the calculated oflset to determine the secondary
movements of the vertices,
wherein the secondary movements of the vertices are
attenuated based on an alignment between the nor-
mal vector and at least one of (1) the vector direction
of the movement of the at least one point on the
curve and (11) a vector between a position of a vertex
and the position of the at least one point on the curve
before movement.
4. The method of claim 1, wherein moving the vertices
COmMprises:
performing the primary movements of the vertices along
a vector direction of the movement of the at least one
point.
5. The method of claim 1, wherein moving the vertices
COmprises:
performing the secondary movements of the vertices
perpendicular to a vector direction of the movement of
the at least one point.
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6. The method of claim 1, further comprising:

receiving a second movement of the at least one point to

fine tune to the movement of the at least one point.

7. The method of claim 1, further comprising:

performing the mapping of each vertex of the model to

cach point of the curve;

calculating a primary weight for each vertex relative to

cach point based on a geodesic distance and a geodesic
curvature therebetween;

calculating a secondary weight for each vertex relative to

cach point based on the geodesic distance therebe-
tween; and

using the calculated primary and secondary weights to

calculate the respective primary and secondary move-
ments of the vertices.

8. A non-transitory computer-readable storage medium
comprising computer-executable instructions for using
curves to emulate soit body deformation in computer ani-
mation, the computer-executable instructions comprising
istructions for:

accessing a reference model mapped to a deformation

curve for a computer-generated character, the reference
model including a mesh of vertices representing a soft
body layer of the character and the deformation curve
including a plurality of sample points, wherein each
vertex of the model 1s mapped to each point of the
curve;

receiving a movement ol at least one point on the curve;

calculating a normal vector to the at least one point on the

curve;

calculating an oflset between positions of the at least one

point on the curve prior to and after the movement of
the at least one point;

calculating primary movements of the vertices of the

model based on the calculated offset of the at least one

point on the curve,

wherein the primary movements are along a vector
direction of the movement of the at least one point on
the curve, and

wherein the primary movements represent deformation
of the reference model from a reference state to a
deformed state:

calculating secondary movements of the vertices of the

model based on the calculated offset of the at least one
point on the curve,
wherein the secondary movement of a vertex 1s along
a vector direction perpendicular to the normal vector
and in a plane formed by the normal vector, the
vertex’s position, and the position of the at least one
point on the curve prior to movement, and
wherein the secondary movements represent subse-
quent deformation emulating soft body volume pres-
ervation as a result of the primary movements;
moving the vertices of the model according to the calcu-
lated primary and secondary movements; and
outputting the model with the moved vertices for render-
ing to emulate the soft body deformation of the char-
acter.

9. The computer-readable storage medium of claim 8,
wherein calculating primary movements of the vertices
COmMprises:

welghing the calculated oflset to determine the primary

movements of the vertices.

10. The computer-readable storage medium of claim 8,
wherein calculating secondary movements of the vertices
COmMprises:
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weighing the calculated oflset to determine the secondary
movements of the vertices,
wherein the secondary movements of the vertices are
attenuated based on an alignment between the nor-
mal vector and at least one of (1) the vector direction
of the movement of the at least one point on the
curve and (11) a vector between a position of a vertex
and the position of the at least one point on the curve
before movement.
11. The computer-readable storage medium of claim 8,

wherein moving the vertices comprises:

performing the primary movements of the vertices along
a vector direction of the movement of the at least one
point.

12. The computer-readable storage medium of claim 8,

wherein moving the vertices comprises:

performing the secondary movements of the vertices
perpendicular to a vector direction of the movement of
the at least one point.

13. The computer-readable storage medium of claim 8,

turther comprising;:

recerving a second movement of the at least one point to
fine tune to the movement of the at least one point.
14. The computer-readable storage medium of claim 8,

further comprising:

performing the mapping ol each vertex of the model to
cach point of the curve;

calculating a primary weight for each vertex relative to
cach point based on a geodesic distance and a geodesic
curvature therebetween;

calculating a secondary weight for each vertex relative to
cach point based on the geodesic distance therebe-
tween; and

using the calculated primary and secondary weights to
calculate the respective primary and secondary move-
ments of the vertices.

15. An apparatus for using curves to emulate soft body

deformation 1n computer animation, the apparatus compris-
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a memory configured to store data; and
a computer processor configured to:
access a relerence model mapped to a deformation
curve for a computer-generated character, the refer-
ence model including a mesh of vertices representing
a soit body layer of the character and the deforma-
tion curve including a plurality of sample points,
wherein each vertex of the model 1s mapped to each
point of the curve,
receive a movement of at least one point on the curve,
calculate a normal vector to the at least one point on the
curve,
calculate an oflset between positions of the at least one
point on the curve prior to and after the movement of
the at least one point,
calculate primary movements of the vertices of the
model based on the calculated oflset of the at least
one point on the curve,
wherein the primary movements are along a vector
direction of the movement of the at least one point
on the curve, and
wherein the primary movements represent deforma-
tion of the reference model from a reference state
to a deformed state,
calculate secondary movements of the vertices of the
model based on the calculated oflset of the at least
one point on the curve,
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wherein the secondary movement of a vertex 1s along
a vector direction perpendicular to the normal
vector and 1n a plane formed by the normal vector,
the vertex’s position, and the position of the at
least one point on the curve prior to movement,
and
wherein the secondary movements represent subse-
quent deformation emulating soft body volume
preservation as a result of the primary movements,
move the vertices of the model according to the cal-
culated primary and secondary movements, and
output the model with the moved vertices for rendering
to emulate the soit body deformation of the charac-
ter.

16. The apparatus of claim 15, wherein the computer
processor configured to calculate primary movements of the
vertices:

weighs the calculated oflset to determine the primary

movements of the vertices.

17. The apparatus of claim 135, wherein the computer
processor configured to calculate secondary movements of
the vertices:

weighs the calculated ofiset to determine the secondary

movements of the vertices,

wherein the secondary movements of the vertices are
attenuated based on an alignment between the nor-
mal vector and at least one of (1) the vector direction
of the movement of the at least one point on the
curve and (11) a vector between a position of a vertex
and the position of the at least one point on the curve
belore movement.

18. The apparatus of claim 135, wherein the computer
processor configured to move the vertices:

performs the primary movements of the vertices along a

vector direction of the movement of the at least one
point.

19. The apparatus of claim 135, wherein the computer
processor further configured to move the vertices:

performs the secondary movements of the vertices per-

pendicular to a vector direction of the movement of the
at least one point.

20. The apparatus of claim 15, wherein the computer
processor 1s further configured to:

receive a second movement of the at least one point to fine

tune to the movement of the at least one point.
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21. The apparatus of claim 15, wherein the computer
processor 1s further configured to:

perform the mapping of each vertex of the model to each
point of the curve;

calculate a primary weight for each vertex relative to each
point based on a geodesic distance and a geodesic
curvature therebetween;

calculate a secondary weight for each vertex relative to
cach point based on the geodesic distance therebe-

tween; and

use the calculated primary and secondary weights to
calculate the respective primary and secondary move-
ments of the vertices.

22. A method for using curves to emulate soit body

deformation in computer animation, the method comprising:

accessing a reference model mapped to a deformation
curve for a computer-generated character, the reference
model including a mesh of vertices representing a soft
body layer of the character and the deformation curve
including a plurality of sample points, wherein each
vertex of the model 1s mapped to each point of the
curve;

recerving a deformation of at least one point on the curve;

calculating an oflset between positions of the at least one
point on the curve prior to and after the deformation of
the at least one point;

performing a first deformation of the vertices of the model
in a vector direction of the deformation of the at least
one point, wherein the first deformation 1s based on the
calculated offset, and wherein the first deformation
represents deformation of the reference model from a
reference state to a deformed state;

performing a second deformation of the vertices of the
model 1 a perpendicular direction to the vector direc-
tion of the deformation of the at least one point,
wherein the second deformation 1s based on the calcu-
lated offset, and wherein the second deformation rep-
resents subsequent deformation emulating soft body
volume preservation as a result of the first deformation;
and

outputting the model including the first and second defor-
mations for rendering to emulate the soit body defor-
mation of the character.
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